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Variable speed compressor technology brings to the HVAC industry new levels of efficiency, comfort, reliability and 
versatility. Variable speed systems work by connecting a motor control drive to the compressor: Recip, Scroll  or 
Centrifugal.  
For Scroll technology in particular, Danfoss Commercial Compressors is continuing with detailed studies of the wrap 
stresses. Understanding the mechanical behavior of compressor wraps (as the compressor runs) is one of the most 
important considerations when designing the compressor to guarantee its reliability. 
Wraps are stressed by both the compression forces and the inertia forces due to parts motion. Since the speed of 
rotation for our Scroll compressors could go up to 100 RPS, this study permits us to know if we have to include the 





Designing a new product requires to check the resistance to static loading, but also to consider the fatigue phenomenon, 
which has a lot of influence in case of cyclic loading. 
 
For a scroll-type compression, we can dissociate two sources of internal forces. The first one comes from the gas 
compression which operates inside the pressure pockets inside the 2 wraps. The second one comes from the dynamic 
forces due to the parts which are in motion: rotating motion, alternate one direction motion and orbiting motion. The 
rotational speed, the centrifugal acceleration and the linear acceleration also generate additional internal forces. 
 
The wraps of a scroll type compressor are one of the most solicited parts. Hence, the prediction of the variation of the 
stresses in the wraps is one of the most important points in order to achieve a good reliability level for the compressor. 
 
Until recently, inertia forces were not considered when predicting the mechanical behavior of the wraps. The main 
reason is due to the lack of knowledge concerning the inertia force path inside the compressor when operating. The 
orbiting scroll (OS) inertia force could be withstood either by the fixed scroll (FS) or the Crankshaft through the OS 
bearing or the both. Another reason is the fact that prior to the introduction of the variable speed compressor range, 
our compressors were mainly used for 50Hz or 60Hz power network frequencies. The dynamics forces are small at 
these relatively low speeds of rotation when compared to the highest variable speed at 100 RPS. The final reason is 
that, at any given time, the wraps are not stressed at the same location if the source comes from the pocket pressures 
or the OS inertia. So, the OS inertia doesn’t necessarily increase the maximum stress seen by the wraps. 
 
For new platforms with variable speed compressors, it is necessary to consider the OS inertia in our numerical 
simulations. The goal therefore is to assess the wraps additional stress due to the OS inertia, and then determine the 
maximum RPM that a scroll set can operate at without risk of breakage. 
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The compression process generates cyclic stresses inside the scroll set (fixed scroll wrap 
















Figure 1 : scroll set assembly 
 
2.2 Internal force sources: Loads from compression work 
 
The forces from compression work are generated by the gas compression process which operate inside several pressure 
pockets inside the 2 wraps. 
 
The duties of the wraps come from pressure pockets. 
Indeed, during a compression cycle, pressure 
pockets are created inside the wraps. 
 
▪ Suction - 1st orbit 
▪ As the bottom scroll orbits, two refrigerant 
gas pockets are formed and enclosed 
▪ Compression - 2nd orbit 
▪ The refrigerant gas is compressed as the 
volume is reduced closer to the centre of 
the scroll 
▪ Discharge - 3rd orbit 
▪ The gas is compressed further and 
discharged through a small port in the 
centre of the fixed scroll 
 
Figure 2 : Gas compression process 
 
The result of the compressive forces breaks down into a thrust load (Fag) and two horizontal forces (Ftg and Frg). 
These forces vary during one turn of the crankshaft. 
 
2.3 Internal force sources: Inertia loads  
 
These forces come from the dynamic forces due to the parts which are in motion. The orbiting scroll has an orbital 
motion following an orbiting radius (Ror). The radial inertia force acting on the orbiting scroll (Fri) is: 
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3
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2.4 Forces orientations applying on the wraps 
 
Figure3 presents a summary of the forces acting on an orbiting scroll. 
 
 
Figure 3 : Forces on an orbiting scroll 
 
It can be seen that the main forces are (see the nomenclature for more details): 
 
The gas compression forces: 
Fag is the axial gas force. This force will vary with crank angle and is located at the midpoint between 
the fixed and orbiting scroll center lines. 
Ftg is the tangential friction force. This force is generated by the driving means such as a crank system. 
Frg is the radial gas force. This force acts at mid wrap height and through the center line of the scroll. 
 
The inertia force: 
Fri is the radial inertial force. This force is caused by the orbital motion of the scroll and acts through the 
center of gravity of the orbiting scroll. 
 
The contact forces: 
Fac is the axial contact force. This force is caused by the contact between the scroll wrap tips on the 
opposite base. 
Fab is the axial thrust bearing force. 
Frc is the radial contact force. This force is at the same location and in the same direction as Frg. It is 
caused by the flank contact of the scrolls. 
 
Generally, the Frg amplitude is much lower than the Ftg and Fag amplitude. If we look at only the horizontal forces, 
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these two mains forces stress the wrap in different locations. In other words, the wraps stresses due to the compression 
force cannot be summed with the stresses due to the inertia force. 
 
This observation confirms that, for a regular RPM compressor, it is not necessary to consider the inertia forces when 
undertaking numerical simulation of the wrap stresses. 
 
2.5 Force transmission path 
 
For this study, the scroll compressor is a fixed throw compressor. For this architecture, the radial inertial force (Fri) 
could be either fully withstood by the opposite flank contact (Frc), or fully withstood by the crankpin on orbiting 
bearing contact (Frd) or withstood by a combination of both. The sharing of this Fri between the wrap flank contact 
and the bearing contact depends not only on the RPM but also on the contact clearance, the parts deformation in 
operation and the machining tolerance. This variability requires the following assumptions for the Fri transmission 
path. 
 
Assumption #1   Assumption #2     Assumption #3  
     
Figure 4 : Force transmission pathes for fixed throw architecture 
 
Assumption #1 : The orbiting scroll radial inertia force is fully withstood by the fixed scroll flanks contacts. In this 
case, Fri fully participates in the stressing of the orbiting and fixed wraps. 
 
Assumption #2 : The orbiting scroll radial inertia force is fully withstood by the crankshaft pin. In this case, Fri doesn’t 
participate in stressing the orbiting and fixed wraps. 
 
Assumption #3 : It is a combination of assumptions #1 and #2. 
 
Obviously, the wrap stresses depend on the quantity of the radial inertial force which passes through the radial contact 
force. For the study presented here, assumption#1 is applied and the subsequent numerical simulations assesses the 
wrap stresses as a function of the compressor RPM. 
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3. FEA SIMULATION MODEL 
 
3.1 General points 
 
The mechanical simulations for a large scroll compressor were carried 
out using ANSYS Software. The FEA model is composed of the orbiting 











             Figure 5 : FEA model, Half View 
 
The FEA simulation is undertaken using loadsteps. The first loadsteps are not mentioned in the paper because they 
concern the initialization phases to establish the contact between parts. For the subsequent loadsteps, the operating 
conditions and the RPM vary according to the following table: 
 
Operating conditions RPM Frequency 
Design Point 1800 @ 30Hz 
Design Point 3600 @ 60Hz 
Design Point 5400 @ 90Hz 
Design Point 7200 @ 120Hz 
High pressure ratio 1800 @ 30Hz 
High pressure ratio 3600 @ 60Hz 
High pressure ratio 5400 @ 90Hz 
High pressure ratio 7200 @ 120Hz 
High load 1800 @ 30Hz 
High load 3600 @ 60Hz 
High load 5400 @ 90Hz 
High load 7200 @ 120Hz 
 
Figure 6 : Operating map and points 
 
For this analysis, we assumed that the material laws are linear, the machined surfaces are perfect and that the clearances 
are at their nominal values. The simulations use a nonlinear static mechanical approach due to part contacts. All the 
modelled parts are flexible, i.e. they can experience deformation under loading. 
 
3.2 Boundary conditions: Pocket pressures 
 
The numerical simulation is undertaken at a given crank angle 
position. The pressure loadings inside the wraps (both fixed and 
orbiting scroll) correspond as close as possible to reality. Our 
internal 1D-thermodynamic simulation software provided the 
pocket position and its corresponding pressures. 
 
Note: The colors correspond to different pressure pockets 
 
 
                Figure 7 : Compression pocket pressures 
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3.2 Contact description 
 
One complexity of this study is the management of several contact zones. The following table lists all the non-linear 
contact zones of the FEA model. We assume that the nonlinear contacts are non-frictional with the augmented 
Lagrange formulation. The mesh is refined at the contact zones to give good contact accuracy. 
 
Contact direction Parts 
Axial direction Orbiting scroll / Housing Thrust bearing  
Axial direction  Orbiting scroll tip / Fixed scroll floor 
Axial direction  Fixed scroll tip / Orbiting scroll floor 
Radial direction  SL#1 sealing line #1: Orbiting scroll flank / Fixed scroll flank 
Radial direction  SL#2 sealing line #2: Orbiting scroll flank / Fixed scroll flank 
Radial direction  SL#3 sealing line #3: Orbiting scroll flank / Fixed scroll flank 
Radial direction  SL#4 sealing line #4: Orbiting scroll flank / Fixed scroll flank 
Radial direction  SL#5 sealing line #5: Orbiting scroll flank / Fixed scroll flank 
Radial direction  SL#6 sealing line #6: Orbiting scroll flank / Fixed scroll flank 
 
For the chosen crank shaft angular position, there are 6 sealing lines between the orbiting scroll and the fixed scroll. 
 
 




4. FEA SIMULATION RESULTS 
 
4.1 Wrap contact forces at the sealing lines 
 
The first interesting results from FEA numerical simulation are the contact forces for each of the sealing lines. 
In the following tables, the results for the 3 different operating points and for 4 different RPM are presented. 
 
The results confirm the obvious: the higher the rotational speed, the greater the contact forces are. This suggests that 
the wrap stresses should be higher at high RPM. 
 
The repartition of the force on the 6 sealing lines can vary from 10% to 35% of the total wrap contact force. This 
variation could be explained on the one hand by the parts deformation and on the other hand by the variability of the 
wrap stiffness at each sealing line. Indeed, for an involute shape wrap, curvature of the wrap increases from the outer 
end of the wrap to its inner end. The variability of the wrap stiffness depends on the wrap curvature and the continuity 
of the wrap on the both sides of the sealing line. Hence, close to the wrap inner end, the wrap is much less stiff than 
in the middle of the winding. 
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Note: The results at 30Hz are not robust because the orbiting scroll radial inertia force is too close to Frg hence, the 
total wrap contact force is too low to obtain accurate contact element response. 
 
 




4.2 Sealing lines contact pressure. 
 
If we zoom in on a given sealing line, the wrap stress 
induced by the contact force depends not only on the force 
magnitude but also on how and where the force is 
transmitted through the sealing line. If the contact force is 
close to the wrap tip, then the wrap stress at the wrap foot 
is high. In contrast, if the contact force is close to the wrap 
foot, then the wrap stress at the wrap foot is low. Hence, 
without simulation, a normal assumption is that the contact 
force is evenly distributed over the entire height of the 
sealing line, as shown below. 
 
   
        Figure 9: Cantilever effect of the force location on the wrap stress 
30 Hz
Fx contact @ Design Point Fx contact @ High Pressure ratio Fx contact @ High Load
N N N
SL #1 530 804 260
SL #2 15 141 -72
SL #3 0 14 -64
SL #4 0 -8 0
SL #5 0 -189 0
SL #6 0 -287 0
545 474 124
Frg = -1338 N -1483 N -1746 N
Fri = 1967 N 1967 N 1967 N
60 Hz
Fx contact @ Design Point Fx contact @ High Pressure ratio Fx contact @ High Load
N N N
SL #1 2188 34% 2033 32% 2046 34%
SL #2 1278 20% 1293 20% 1175 20%
SL #3 739 11% 807 13% 752 12%
SL #4 595 9% 732 11% 669 11%
SL #5 963 15% 930 15% 830 14%
SL #6 683 11% 579 9% 552 9%
6445 6375 6024
Frg = -1338 N -1483 N -1746 N
Fri = 7867 N 7867 N 7867 N
90 Hz
Fx contact @ Design Point Fx contact @ High Pressure ratio Fx contact @ High Load
N N N
SL #1 3987 24% 3665 23% 3845 24%
SL #2 3317 20% 3271 20% 3215 20%
SL #3 1962 12% 2063 13% 1974 12%
SL #4 1759 11% 1838 11% 1830 12%
SL #5 3041 19% 3118 19% 2909 18%
SL #6 2214 14% 2254 14% 2085 13%
16279 16209 15859
Frg = -1338 N -1483 N -1746 N
Fri = 17701 N 17701 N 17701 N
120 Hz
Fx contact @ Design Point Fx contact @ High Pressure ratio Fx contact @ High Load
N N N
SL #1 6255 21% 6433 21% 6118 21%
SL #2 6056 20% 6039 20% 5959 20%
SL #3 3683 12% 3799 13% 3708 13%
SL #4 3321 11% 3341 11% 3371 11%
SL #5 6122 20% 5964 20% 5983 20%
SL #6 4610 15% 4401 15% 4487 15%
30047 29976 29626
Frg = -1338 N -1483 N -1746 N
Fri = 31468 N 31468 N 31468 N
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The FEA simulation results predict the same contact pressure map whatever operating point is considered. As a result, 
only one operation point needs to be considered and is presented below. 
 
  
   
Figure 10: Contact pressure map on the orbiting scroll sealing lines 
 
The results of the simulation indicate that the contact force location is variable. On certain sealing lines it is towards 
the tip whilst on other sealing lines it can be towards the base or evenly distributed across the line. 
 
As previously mentioned, under 30Hz the orbiting scroll radial inertia force is too close to Frg. In figure 10, the contact 
pressure can be seen to be low at the sealing lines. We can conclude therefore that there is a minimum RPM which 
ensures a minimum wrap flank contact force, then to ensure a radial tightness. 
 
m_os . Ror . w² > Frg 
 
4.3 Wrap stresses analysis 
 
In order to clarify the analysis, the wrap stresses are extracted at the 
wrap foot following the curvilinear abscissa of the involute. The 
curvilinear abscissa always starts from the wrap inner end and ends 
at the outer end.  
 
The FEA simulation results give almost the same curves whatever 
the operating point considered. Since the results are independent of 
the operating point, only one point is presented in the figure below 
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Graphs 12 : Wrap stress variations 
 
 
From these graphs, we can analyze the variation of the wrap stress depending on RPM. 
 
The maxima and the minima of the curves can be: 
 
• at the inner ends due to the gas compression forces acting on wrap portion which has a lower mechanical 
strength. (see arrow #6) 
• between two wrap sealing lines due to the gas compression forces acting on the wrap. As the resultant force 
direction is perpendicular to the wrap sealing lines, it is common to obtain a maximun stress between the two 
wrap sealing lines (see arrows #1 #2 #5) 
• at a wrap sealing line due to the radial contact force (Frc). It is caused by flank contact of the scrolls. (see 
arrows #3 #4) 
 
Under 30 Hz, the maximum stress is at the inner ends. Apart from the inner ends, the maximum stresses are between 
two wrap sealing lines, respectively 236 mm for the orbiting scroll (see arrow #1) and 586 mm for the fixed scroll (see 
arrow #2). 
 
If we focus on a given wrap sealing line (see arrow #3), we can see that under 30 Hz the stress is low and below the 
maximum stress seen by the wrap. From 30 Hz to 120 Hz, it is clear that the higher the RPM, the more the wrap is 
stressed. As the orbiting scroll inertia force increases with RPM, the radial contact force increases as well. 
 
Under 120 Hz, the maximum stress clearly occurs along a sealing line. We can conclude therefore that the maximum 
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5. CONCLUSIONS 
 
The study presented here allows a better understanding of the behavior of the fixed and orbiting scroll under inertia 
and pressure loadings. 
 
The distribution of the inertia force on the 6 sealing lines is not even and can vary from 10% to 35% of the total wrap 
contact force. The wrap flank contact pressures depend on the wrap flexibility and this is the reason why the contact 
forces close to the inner wrap end are lower (10% of the total wrap contact force). 
 
The results at different RPMs helps us to analyze the stress results and determine if the stress is caused by the orbiting 
scroll inertia force or the gas compression force. Knowing this, some design rules can be deduced: 
 
1) there is minimum RPM to ensure a minimum wrap flank contact force which then ensures flank sealing  
2) at a normal RPM, the maximun stress in the wrap is due to the gas compression forces. In this case the 
orbiting scroll inertia force can be ignored when designing the wrap 
3) we can determine a “critical” RPM where the stress due to orbiting scroll inertia force becomes higher than 
the stress due to the gas compression forces. Above this “critical” RPM, the orbiting scroll inertia force must 
be considered when designing the wrap. 
 
The simulations and analysis therefore enabled us to improve the wrap shapes and to increase the safety factor in order 
to have improved reliability for all our compressors. 
 
To sum up, due to the analysis of the FEA simulation we acquired: 
✓ a better understanding of wrap stresses for fixed and variable speed compressors 
✓ an enhanced technique to improve compressor safety factor hence the lifespan of our compressors 
wraps 





RPM Revolution per minute (rev.min-1) 
w Speed of rotation (rad.s-1) 
m_os Mass of the orbiting scroll  (kg) 
Ror Orbiting radius (m) 
OS Orbiting scroll (compressor part) 
FS Fixe scroll (compressor part) 
Fag Axial gas force (N) 
Ftg Tangent gas force (N) 
Frg Radial gas force (N) 
Fri Orbiting scroll radial inertia force (N) 
Fac Axial contact force (N) 
Fab Axial thrust bearing force (N) 
Frc Radial contact force (N) 
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